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© Method of warp knitting. 



© Warp knit fabric having a two and three-course repeat pattern of alternating first and second, or first, second 
and third and first, second, third and fourth bar yarns. The fabric is prepared by interlocking the first and second 
or first, second and third bar yarns using a combination of knit and laid-in stitches in the same for two course, 
and same and opposite fashion for three and four course repeat. 
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METHOD OF WARP KNITTING 



Background of the Invention 

This invention relates to warp knitted fabrics and, more particularly, to a method of knitting the fabrics 
wherein in two course repeat, first and second bar yarns will appear on the loop side or technical face of 

5 the fabric, and in three course repeat, all three, first, second and third, bar yarns will appear on the loop 
side. In the case of four course repeat, four yarns will appear on the loop side. However, in all three cases 
only the front bar yarn will appear on the float or technical back of the fabric. 

Spun yarn can be knitted on the warp knitting machine, but it is difficult to knit it at high speeds, and 
even at lower knitting speeds the knit performance of the spun yarn is very poor (1000-2000 racks/end out 

io for the filament yarn out vs. 100 racks/end out for spun yarn). When spun yarn is knitting, it could break but 
when it is laid-in, it does not involve knitting and thus it does not break. Also, when the spun yarn is 
replaced with filament yarn, the knitting improves as the filament yarn knits much better. In conventional 
knitting in a six course repeat the spun yarn is knitting all 6 stitches (one stitch per course). In U.S. Patent 
No. 4,802,346 in the same 6 stitches only three stitches are knitting with spun yarn and in the instant 

75 invention only two stitches are knitted with spun yarn. 



Summary of the Invention 

20 This invention provides a method of preparing fabric of yarn with improved knitting performance while 
improving the uniformity of the fabric as yarns from two bars are blending on the fabric surface. The 
method involves operating the front or first guide bar of a warp knitting machine in repeating patterns of 
alternating laid-in and knit for two course repeat while operating the second or back guide bar in repeating 
stitch pattern that is in the same direction to the stitch pattern of the first guide bar. So when the first guide 

25 bar threads are laid in, the second guide bar threads are knit-in and subsequently repeating both stitch 
patterns to interlock along the fabric. 

For three course repeat the method involves operating the front or first guide bar of a warp knitting 
machine in repeating patterns of laid-in stitches twice and knit-in stitches once. The middle bar uses laid-in, 
knit-in and laid-in stitches at the same time. The back or third bar repeat knit-in stitches once and laid-in 

30 stitches twice. In other words, when one bar is knitting in, other bars are laying in and in a three bar fabric 
in knitting three courses a guide bar knits only once. All three bars could go in the same direction or they 
could go in opposite directions. 

The method may also include the additional step of operating a third bar for two course repeat, and for 
three course repeat it could use the fourth bar in conjunction with the first and second or first and third 

35 guide bar in knit-in or laid-in stitch patterns. The yarn used with this method may be untextured continuous 
filament yarn, textured yarn, spun yarn, or these in combination with elastomeric yarns. 

The two course repeat fabrics when knitted with 100% hard smooth yarn like 40-13 nylon runs or splits 
but three bar three course fabric or four bar four course repeat fabrics have better stability or run 
resistance. 

40 

Brief Description of the Drawings 

Figs. 1-44 are stitch pattern diagrams for the fabrics made according to the invention. 
45 Fig. 45 is a schematic elevation view of the apparatus elements for warp knitting according to the 
invention. 

Figs. 46 and 47 are photographs, enlarged 25 X, of the face (loop) and back (float) sides respectively of 
a fabric knit according to the invention (fabric F, Table II). 

so Detailed Description of the Illustrated Embodiments 

The invention is best defined in terms of stitch patterns as shown in Figs. 1 to 44 for warp knit fabrics 
with two, three and four sets of threads. One could use non-elastomeric yarns in these stitch constructions 
and/or by adding one extra bar with elastomeric yarn in the back. This last bar could use any one of the 
same type of stitches or 1-2, 1-0 or 1-0, 1-2 with open (2-1, 0-1) or closed (1-2, 1-0) or mix (2-1. 1-0) or 

2 

<EP 041 4497A2_I_> 



EP 0 414 497 A2 



three needle float (2-3. 1-0) or combination of knit and lay (e.g. 1-2, 0-0) or laid-in stitches (e.g. 1-1, 0-0, 2- 
2, 0-0), etc. 

For each of the figures represented a single needle-bar is employed, which is fed from a front or first 
bar and one or more second, third or back guide bars. Knitting needle positions for each of a plurality of 
5 successive courses are represented in the diagrams by horizontal lines or dots, the top line representing 
the course formed immediately after the course represented by the bottom line. One first or front-bar end 
and two or more other bar ends are shown in each instance, it being understood that one end of each is 
knitted on each knitting needle for every course. More particularly, referring to Fig. 1 the stitch construction 
of the fabric is notationaily set out and shows that the threads of the first or front bar, one of which is 
io indicated at 60, have back-and-forth movement to nonadjacent needles in successive courses as indicated 
by the numbers 2-3, 0-0 and that the threads of the second 61 have similar movements as indicated by the 
numbers 3-3, 1-0, respectively. 

The fabric is preferably made according to the invention on a tricot or similar warp knitting machine 
employing a single needle bar and at least three guide bars respectively known as the back, middle and 
75 front guide bars. The needle bar is provided with knitting needles which may vary in number according to 
the gauge of the machine, and each guide bar has a number of yarn guides corresponding to the number of 
needles of the needle bar. The guide bars are able to be shogged under pattern control a distance of one 
or more needles in opposite directions lengthwise of the needle bar, and both bars are also swingable 
transversely of the needle bar to permit their yarn guides to pass between the needles, the combined 
20 shogging and swinging movements permitting the yarns to be fed to the needles and to be knit thereby. 

The schematic illustration for such a warp knitting machine is shown in Fig. 45. The front or first guide 
bar warp is fed from threads 1 on beam 2. The threads first pass in the usual well-known manner through a 
fixed reed 3 which serves to keep the threads separated from the reed. Each thread 1 is threaded through 
its guide in guide bar 4 and onto needle bed 10. The threads 5 from beam 6 and. threads 7 from beam 8 
25 and threads 9 from beam 11 are fed through respective fixed reeds 12, 13 and 14 and second, third and 
fourth guide bars 15, 16 and 17 to needle bed 10. It should be understood that the beams could be split as 
disclosed in U.S. Patent No. 4,020,656 and/or fully or partially threaded. The movements of needle through 
successive courses are indicated below each diagram by their numbers as set forth in Table I. 

Fig. 1 represents a two course interlocking structure with both the guide bars going in the same 
30 direction. 

Fig. 2 represents a three course interlocking structure with three guide bars going in the same direction. 
Figs. 3 to 44 are the examples of the new structures that could be produced on warp knit equipment for 
example. 

Figs. 3 to 15 represent two bar, two course interlocking structures going in the same direction. 
35 Figs. 16 to 19 represent two bar, four and eight course interlocking structures going in the same 
direction, but incorporating Atlas Stitches and chain or piller stitches. 

Figs. 20 to 22 and 27 to 34 represent three bar, three and four course interlocking structures with guide 
bars going in the same and opposite directions. 

Figs. 23 and 24 to 26 represent four bar, four course interlocking structures with guide bars going in the 
40 same and opposite directions. 

Figs. 35 to 40 represent two bar, four course interlocking structures with guide bars going in the same 
and opposite directions. 

Figs. 41, 42 and 44 represent two bar, six course interlocking structures with guide bars going in the 
same and opposite direction. 
45 Fig. 43 represents two bar, eight course interlocking structures with guide bars going in the opposite 
direction. 

From the above it should be understood that a warp knitter skilled in the art can knit the two, three, four, 
five, six, seven and eight bar and course fabrics with knit-in and laid-in stitches including close (e.g. 2-3, 1- 
0), open (e.g. 3-2, 0-1), mix (e.g. 2-3, 0-1) stitches and two needles (e.g. 1-0, 1-2), three needle (2-3, 1-0), 

so four needle (3-4, 1-0) or five needle (1-0, 5-4) floats. Also, one could use chain or piller stitches (e.g. 1-0, 0- 
1 or 0-1, 1-0). Also one could use a variety of laid-in stitches, e.g 0, (e.g. 0-0), 1 (e.g. 0-0, 1-1), 2 (e.g. 0-0, 
2-2), 3 (e.g. 0-0, 3-3), 4 (e.g. 0-0, 4-4) and 5 (e.g. 0-0, 5-5) needle floats. In addition, one could incorporate 
Jersey (e.g. 2-3, 1-0// 1-0, 1-2), stabilized (e.g. 1-0, 0-1//2-3, 1-0), Delaware (e.g. 2-3, 1-0//1-0, 0-1). Atlas 
(e.g. 0-1, 1-2, 3-2, 2-1), or knit weft insertion stitch or knit-lay Brandywine stitch techniques (U.S. Patent No. 

55 4,688,403). 

In another embodiment using three guide bars on a warp-knitting machine, a first guide is operated in a 
repeating stitch pattern of knit-in stitches and a second guide bar is operated in a repeating stitch pattern of 
alternating laid-in and knit-in stitches while the third guide bar is operated in a repeating stitch pattern 

3 
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opposite that in the same direction as the second guide threads stitch pattern wherein when the second 
guide threads are laid-in the third guide threads are knit-in and the pattern is repeated. The first guide bar 
threads are non-elastomeric such as nylon and the second and third guide bar threads are eiastomeric such 
as spandex. Three fabric constructions exemplifying this embodiment are set forth in Table 111. 



o 

6 



10 



co 
i 

CM 



O O O O 
till 

o o ~+ 



75 



u u 

© n» 

nj J-. 

« on 



o 
i 

o 



o 
1 

o 



CO — < ~ o 



o o ~* o 
till 
O O r-t o 



20 



25 



a 
5 



u 

o 

M 

Of ft 
r-4 PQ 



o 
I 

o 



tn n < im 

i I i l I 
cm ro co cm o 



»— • m cm ro o 
i i i i i 
f— « m cm m o 



OCOOOOOOOOOOCOCM«-h*TCOCOCMCOO 

I I I I I I I I I I I I I I I I I I I I 



o 
I 

o 



I t I I 

o «— ■ CO «— • 



CO o o o 

I I I I 
N OHO 



COOCOCO-^COCM*^'— <uocosrcocoooooiOH o co co co 

I I I I I I I I I I I I I I I I I I I I I I II 
pionci^nM^Hinn^nnooooiOH o cm co cm 



30 



i i i i i i 
n cm ^ 



i 

CM 



O 
I 

o 



H^nNroNOcooo 
I I I I I I » I I I 

CMinCMCOCMCOOCM^O 



35 



u 

o u 

CO 

c 

o ^ 

Li CO 
fa 



ooroooooooooooomcoco-H^- 
I I I I I I I I I I I I I I I I I I I 
oocoooooooooooomcoco — 



CM CO CO O CO «— ■ 
I I I I I I 
CM CO CO O CO — * 



iiiiiiiiiiiiiiiiiiiiiiiiT 
fstsHMnnHNNNHsrNtMOHOOJnoiOHHHO 



40 



bo • 

•H O 



i-»rMn<inor^coa\OHNnsMnsor^co 



O ^ CM CO 
CM CM CM CM 



45 



50 



55 



4 



3NSDOCID: <EP 04 1 4497A2_I_> 



EP 0 414 497 A2 



o id 

a -c 
eQ <• 



70 



75 



CO 


o 


o 
1 


co 


1 


o 


o 


co 
i 


CM 

1 




en 




CO 

1 

CO 


1-0, 


0-0, 


O 


co 
I 


i 


i 

O 


co 


« 


m 


co 
i 




\ 

CO 


co 




o 


o 

i 


o 


1 

o 


«— < 


o 



20 



U 
CQ 

U 

co 



CO 

I 

CM 



O 
I 

o 



co 



CM 
t 



co 
1 



o 

I 



CO 

I I 
CO -4- 



O 
I 



— • o 



CO CO 

I I 

CO CO 



o 
I 



1 



CM 

I 

CM 



o 
I 



CM 
I 

CM 



v-4 CO CO 
I I I 

«— t CO CO 



CM 
1 

CM 



© 

I 



~ o 



CM 

I 

O O — * 



^ co co 

1 1 JL 

w-4 CO CO 



CO 

I 

CO 



CO O O 
CM ~* O 



25 



30 



3 

CQ 



03 
C 

CM 



OCO^OOOOOCM^O 

<? O © CO CO MT CM CO CO co cj 
cOOOcOCO^cMcOrOrocM 

O CO CM CO CO <f CM CO CO CJ 2 
^^J.rnrO^cMCOCOcOco 



CO 

I 

CO 



CM 

I 



35 



40 



° 3 

e 
o 

u w 



o 

1 



CO 

1 

CO 



o 

I 



CO 
I 

CM 



o 

t 



O 
I 

O 



CO o 

I I 

co O 



o o 



CO 

I 

co 



O O 

4 4 



o 
I 

o 



CO 

I 

CO 



<? ? 

o o o 



**** ° T 
co O ^ 



o 
o 



CO 
I 

CM 



o 

I 



CM CO CM CM CO 
| I I I I I 
CO — < CM O CO CM 



tec * 

•H O 

Qu 2 



CM 



CM 



CM 



CM 



co o> o c>» co 

CM CM CO CO CO CO 



45 



50 



55 



5 



BNSDOCID: <EP 0414497A2_L> 



EP 0 414 497 A2 



co 
I 

CM 



O 
I 



co co 
I l i 

CO CO CM 



o 

I 



70 



© o © 
o J. J. 



co 
I 

CO 



75 



20 



o td 

CO 

a *o 

PQ CM 



COOCM^CM^iCMCOCO— • 

OCOOCO^^OOOCO 
« • ' I I I I I I I 
^hcM*-«CMOO~h~hOCO 

copcoococMcococoo 
r I t I I I I I I I 

COOCOOCOCMCOCOCOO 

pcoocoooooo^ 



o 



25 



CO 

I 

CO 



30 



3 

Hi 



35 



40 



O 



e 

o <-» 

U CO 















o 

I 


o 

1 


o 
i 

o 


o 


















1 

O 














•ft 

CO 

1 


•ft. 

CO 


•b 
co 


CO 














CM 


1 

CO 


I 

co 


1 

CM 


co 
I 


co 


CO 


CO 
1 

CO 


»— t 

1 


o 


o 


•ft 

o 


•» 
O 


•ft 

o 


CM 


CM 


co 


CM 


ei 




1 

t 


1 

« 


1 

o 


o 
1 


O 
1 


O 

1 


O 


o 


CO 


CO 


CO 


CO 

t 

CM 


CO 


o 


o 


o 


1 

o 


1 

O 


1 

CO 


! 

CO 


1 

CO 


1 

CM 


CO 

1 


CO 

1 

CM 


CO 


CO 

1 


» 

1 


o 

1 


O 


o 


O 


O 


CM 


CM 




1 


1 


t 


1 


o 


O 

1 


O 
1 


o 
1 


1 

o 


CO 

1 

CM 


CO 

1 

CM 


CO 
CM 


CO 

1 

CM 


o 
1 


m 

CO 


SO 
CO 


r*>» 
co 


CO 
CO 


o 

CO 


o 




CM 


CO 





45 



EXAMPLE 
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Ho^^X^JST 0 maChine emp '° yed *° Pr ° duce the fabrics as identifi ed in Table II as Fabric 
Fabrics D3, E and 30A are control fabrics. Fabric F of this invention is shown in Figs. 1, 46 and 47 
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The test method for determining thickness, bulk, static extension, air permeability and power and 
finishing procedures for the fabrics are detailed below. P ' 
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TEST METHODS 

Thickness is measured according to ASTM D1 777-64 using apparatus commercially available from 
Customer Scientific Instruments, Inc., Whippany, NJ. Thickness is measured in inches. 
Bulk (specific volume is calculated according to the formula: 

Bulk (cm S /g) - 2.54 x 8361 x T 

26-35 H 

wherein 

T = Thickness (inches) 
W - Weight (g/cm 2 ) 

Hand Stretch is the percent length change of a fabric sample pulled by hand expressed as a 
percentage of original relaxed length. 

Power is measured in general accordance with ASTM D 177581. A three (3) inch wide fabric sample is 
stretched at a constant rate on an Elongation Tensile Testing Machine under a load of three (3) and twelve 
(12) pounds. Power is the force in pounds per square inch of fabric area at fifty percent (50%) elongation on 
the unload cycle, in the same test percent work recovery and percent elongation were measured. 

Static Extension Test determines fabric elongation and growth. Measurements are made using a Model 
C51 38 static extension tester available from Customer Scientific Instrument Co., Kearny, NJ. 

Test Stretch is the length of a fabric sample while under a load of 2 lb. per inch fabric width expressed 
as a percentage of original relaxed length. 

Growth is measured by holding a fabric sample at 80% of the total stretch under four pound load for 
two hours, then measuring its relaxed length after one minute and again after one hour. Growth is 
expressed as percentages of original relaxed fabric length. 

Air Permeability is the rate of air flow through the fabric under a differential pressure between the two 
fabric~surfaces and expressed in cubic feet of air per minute per square foot of fabric. It is measured in 
accordance with ASTM Method D737-75. 



FINISHING PROCEDURE 



Step 1 - Steam the fabrics. 

Step 2 - Heat set the fabrics on the Pin Tenter at 375' F. 4 boxes - 50 sees. 7% overfeed and 7% over 

with the greige fabric. 

Step 3 - Beck scour and dye the fabrics. 

Step 4 - Dry on the Pin Tenter at 290° F. 30 yds./min. and set the Pin Tenter at the fabric's wet width. 
While the invention has been illustrated using elastomeric yarns, it should be understood that a 
stretchable textured yarn would provide similar surface effects. This technology is also useful for two needle 
bed warp knit machines, e.g. "simplex" machines. 
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FABRIC CONSTRUCTION FRONT BAR 40-13 NYLON AND MIDDLE AND BACK BARS 




40 DENIER T146 LYCRA BY DU PONT 










Stitch 






Runners 




Fabric 


F.B./M.B./B.B. 


Quality 


Gauge 


F.B. 


M.B. 


B.B. 


% Lycra 


No. 
















92A 


2-3, 1-0/1-0, 2-2/0-0. 1-2 


7-1/2" 


28 


60" 


28" 


28" 


36.2 


92B 


2-3, 1-0/1-0, 2-2/2-2, 1-0 


7-1/2" 


28 


60" 


28" 


20" 


33.3 


92D 


3-4, 1-0/1-0, 2-2/0-0, 1-2 


7-1/2" 


28 


89" 


20" 


20" 


20.3 



While single needle bar machines have been disclosed for knitting the fabrics of this invention, it should 
be understood that these fabrics can be knit with two needle bar machines. In addition, a fabric could be 
knit of 100% elastomeric yarn or with non-elastomeric in the front bar and elastomeric yarns in the middle 
and back bars which would provide middle and back bar interlocking. 
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Claims 

1. A method of warp knitting a plurality of threads from at least two bars on a warp knitting machine 
operating in a multi-course repeating stitch pattern which comprises the steps of: operating first guide 

5 threads in a repeating stitch pattern of alternating laid-in and knit-in stitches, while operating second guide 
threads in a repeating stitch pattern that is in the same direction to said first guide threads stitch pattern 
wherein when said second guide threads are laid-in, said second guide threads are knit-in and subsequently 
repeating both stitch patterns. 

2. The method of claim 1, there being three guide bars operating in a three course repeating stitch pattern, 
io said guide bars being operated so that each of said guide bars knit only one course within a repeat. 

3. The method of claim 1 , there being four guide bars in a four course repeating stitch pattern, said guide 
bars being operated so that each of said guide bars knit only one course within a repeat. 

4. A fabric knit in accordance with the method as defined in claim 1 . 

5. The fabric of claim 4 wherein said guide bars are supplied with elastomeric yarn. 
15 6. A fabric knit in accordance with the method of claim 2. 

7. A fabric knit according to claim 6 wherein the first guide bar yarn is non-elastomeric and the second and 
third guide bar yarn is elastomeric yarn. 

8. A fabric knit in accordance with the method of claim 3. 

9. A method of warp knitting a plurality of threads from three guide bars on a warp knitting machine 
20 operating in a multi-course repeating stitch pattern which comprises the steps of: operating first guide 

threads in a repeating stitch pattern of knit-in stitches, and operating the second guide threads in a 
repeating stitch pattern of alternating laid-in and knit-in stitches, while operating third guide threads in a 
repeating stitch pattern that is in the same direction to said second guide threads stitch pattern wherein 
when said first guide threads are laid-in, said third guide threads are knit-in and subsequently repeating 
25 both stitch patterns. 

10. A fabric knit according to claim 9 wherein the first guide bar yarn is non-elastomeric and the second 
and third guide bar yarn is elastomeric yarn. 
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